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Abstract 

Braneworld inflation on the resolved warped deformed conifold is represented by the 
dynamics of a D3-brane probe with the world volume of a brane spanning the large 
dimensions of the observable Universe. This model was recently proposed as a string 
theory candidate for slow-roll inflationary cosmology in |hep-th /05 1 1 254 , During infla- 
tion, the scalar curvature of the Universe is determined by the Hubble scale. We argue 
that taking into account the curvature of the inflationary Universe renders dynamics 
of the D3-brane fast-roll deep inside the warped throat. 
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1 Introduction 



Inflation [1-3] is an attractive scenario which solves many important problems in cos- 
mology. The basic idea of its simplest realization is that our Universe went through 
the stage of the accelerated expansion driven by the potential energy of the slowly 
rolling inflaton field. In agreement with current observational data such a model nat- 
urally predicts a flat Universe and a scale invariant spectrum of density perturbations, 
provided the inflaton potential is sufficiently flat. 

The main problem of implementing inflation in string theory is to identify a string 
field which has such a flat potential. In the original brane-world model scenario [4-7] 
( and its more recent warped throat realization [8] ) the inflaton field is identified with 
the geometric position of a D3-brane on the compactification manifold. The four- 
dimensional world volume of a D3-brane is assumed to span the space-time directions 
of the observable Universe. In many supersymmetric string theory compactifications 
(a relevant example here is a warped deformed conifold [9]) a scalar field parame- 
terizing position of a D3-brane on the transverse manifold is an exact modulus. A 
nontrivial potential for such a scalar can be generated by turning on 3-form fluxes. In 
the case of the warped deformed conifold one can turn on supersymmetry preserving 
fluxes [10] (describing the baryonic branch deformation of the deformed conifold [9]) 
to completely lift 1 a 3-brane flat directions [11]. The resulting D3-brane potential on 
the resolved warped deformed conifold is rather flat. If $ is a canonically normalized 
inflaton, i.e., the radial position of the D3-brane deep inside the warped throat of the 
resolved-deformed conifold, Dymarsky, Klebanov and Seiberg (DKS) found [11] that 
V(<&) satisfies 

4^~/7 4 $- 6 ln$, $ 2 >|t/|, (1.1) 

where U is a baryonic branch deformation parameter [10]. Potential (jl.ip appear to be 
very promising for the slow roll inflation. Specifically, if a Hubble scale during inflation 
is TC, using (jl.ljl the slow roll parameter rj is 

which can be made arbitrarily small by considering inflation sufficiently far inside the 



1 Lifting a 3-brane fiat directions with fluxes is a well-known phenomena. Indeed, a 3-brane on 
AdS$ x S 5 has a six dimensional moduli space which can be partially lifted [12, 13] by turning on 
Pilch- Warner [14] fluxes. 
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warped throat. 

Unfortunately, above arguments miss a crucial contribution to the probe brane 
potential which renders DKS inflationary model 2 unrealistic. Specifically, the main 
problem is that the potential (jl.lj) was evaluated assuming that the world-volume 
of the D3-brane is Minkowski. As we already mentioned the world volume of the 
inflationary brane extends over the observable Universe. During slow-roll inflation the 
Universe has a scalar curvature 

R 4 = 12H 2 , (1.3) 

and thus, the background geometry for the brane inflation is not a direct warped 
product of a four- dimensional Minkowski space with the resolved-deformed conifold. 
Rather, it should be a direct warped product of a four-dimensional de-Sitter space of 
curvature (J1.3)) with the resolved-deformed conifold. Such clarification is very impor- 
tant because the scalar field representing D3-brane radial position on the conifold is a 
conformally coupled scalar [8,15]. Thus, just from the conformal coupling to the curved 
background the DKS potential would receive an extra contribution (schematically) 

V DKS =^ V DKS + ^ i? 4 $ 2 = n 2 e , (1.4) 

which would lead to 

2 

VDKS =>• VDKS + g • (1-5) 

Given that deep inside the warped throat \vdks\ 1, the correct slow roll parameter 
of the DKS inflation is actually |. 

In the rest of this paper we provide precise evaluation of the cosmological param- 
eter r] in DKS inflationary model. First, building on [16,17], we derive supergravity 
equations of motion describing de-Sitter deformation of the resolved warped deformed 
conifold of [10]. In section 3 we find asymptotic solution to these background equa- 
tions of motion. In section 4 we discuss D3 probe brane dynamics in de-Sitter deformed 
resolved warped deformed conifold. We conclude in section 5. 

2 De- Sitter deformed resolved warped deformed conifold 

In this section we construct de-Sitter deformation of the supersymmetric resolved 

warped deformed conifold [10]. 

2 We discuss here DKS inflation only deep inside warped throat. It might be possible to achieve 
slow-roll inflation at the bottom of the warped resolved deformed conifold of [10]. 
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Following [16,17], we consider the following ansatz for the background (Einstein 
frame) metric 



3, 



dsj = cj( - dt 2 + e 2 ™(dx)A + cl{drf + eg £ e 2 + c| £ e 2 + c 2 e 2 
^ ' i=i i=i 

where the >S 2 one-forms and the S 13 left- invariant one-forms q are [18, 10, 11] 



(2.1) 



ei = d6>i , e2 = — sin Q\ d<fii , 
e x = sin ip sin #2 (i0 2 + cos ip d6 2 , 
e 3 = dip + cos # 2 ^02 , 
h = ei — a d , e 2 = e 2 — a e 2 , 



e 2 = cos ip sin 2 d(j) 2 — sin -0 (i# 2 , 



(2.2) 



£3 = £3 + cos #1 d<pi , 
with Q = Cj(r) and a = a(r). The background fluxes take form [18] 
#3 = dB 2 , 

B 2 = h x (ei A e 2 + ei A e 2 ) + /i 2 (<u A e 2 - e 2 A e : ) + x A e 2 + e 1 A e 2 ) 



P e 3 A (ei A e 2 + ei A e 2 ) + P 



b (ei A ei + e 2 A e 2 ) 



(2.3) 



^5 = ^5 + ^10^5, ^5 = X ei A e 2 A ei A e 2 A e 3 , 



where /ij = hi(r), x = x( r )> & = K r )> ^ = K{j-), and P = — -^a'M is determined by 
the number M of fractional 3-branes. Finally, there is a dilaton (f) = In g s = 0(r), and 
we assume the asymptotic string coupling to be one, i.e., <f> — > as r — > 00. 

Type IIB supergravity equations of motion [19] consist of 3-form Maxwell equations, 
dilaton equation, five-form Bianchi identity and the Einstein equations. The five-form 
Bianchi identity can be integrated to yield 



K = 2P (h + bh 2 ) . 



The 3-form Maxwell equations reduce to the following coupled ODE's 



(2.4) 



= 6" + b' 



In 



clc 5 g s 



c 2 



bc\[c\g s {c\ + 2cfa 2 ) + 2h 2 ) _ c\h 2 h x 



C 4 C 3 C b9s 



C 4 C 3 C 5 9 s 



+ 



c i a ( c i + c l( a2 



1)) 



(2.5) 



r 2 2 
C 3 L 5 
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= ti[ + ti 1 





+ ti 2 


\n4' 


+ 


c 2 9s_ 




. 4 . 





c 2 (l - a 2 



a')+x' 



ln^f 

. C 3J 



2^ a' 



b 2 g s c 2 aP 2 h 2 (c 2 + c 2 (a 2 + 1)) bg s c 2 2 P 2 



+ 2 



444 



444 



+ /i 2 (^(a 2 + l) 2 + c 2 (c 2 + 2c 2 a 2 ))^ 
/i 2 c^a(c^ + cl(a 2 + 1)) 



-2c^a/ii(c 2 + c 2 (a 2 + 1)) 
h igs c 2 P 2 {c\{a 2 + l) 2 + c 2 (c 2 + 2c 2 a 2 )) 



4 2 4 

c 3 c 5 c 4 



,2„2 



3^5 



(2.6) 



= h' 2 ' + /i' 2 



[ln C ' C5 " 




a 


m — ^ 


+ 


°29s_ 




. c i . 





c 2 (l - a 2 



a + x a 



1 C 3 

In— % 

ad 



+ 



c 2 (l + a 2 



2 ^ s c 2 P 2 ^(c 2 + 2c 2 a 2 ) 2 



444 



^sC 2 P 2 
444 



-a/i 2 (c^ + c2(a 2 + l)) 



+ /ii(c 2 + 2c 2 a 2 



/ii^P 2 ^ + cl(a 2 + 1)) /i 2 c^(c 2 + 2c 



444 



= x" + x' 



111 



c l c 5 
C2^ S 



' r 2 
ln 3 



- 2- 



a' ) + tin ( a 



r 2 2 
C 3 C 5 



ln ac 4~|' c|(l + a 2 ^ 



(2.7) 



& 2 # s c 2 aP 2 /i 2 (c 2 -c 2 (i-a 2 )) 6^c 2 P 2 



+ 2 



444 



444 



7 // 2 , 2 2\2 4 

^2((c 3 + c 4 a ) - c 4 



— 2040/11(03 — C4 + c^a 2 



h igs c 2 P 2 ((c 2 a 2 + c 2 ) 2 - c|) /i 2 c 2 a(c 2 - c 2 (l - a 2 )) 



4 2 4 

c 3 c 5 c 4 



2^2 



CoC; 



3^5 



(2.f 



= -x'(cl(l - a 2 ) 2 + c 2 3 (c 2 3 + 24a 2 )) + ^((c 2 + c 2 a 2 ) 2 - c\) + 2c 2 a/i' 2 (c 2 - c 2 + c 2 a 2 ) . 

(2.9) 



It is straightforward to verify that the first order constraint (|2.9|) is consistent with 
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(|2.5|) - (|2.8JI . The dilaton equation is 



f\2 



X 



(g's) 



+ g' s 



„4„2 „2 



111 



C 1 C 3 C 4 C 5 
C 2 



r 2 2 
C 3 C 4 



9r A r A 
3 4 



4 4 

c 3 c 4 



2c 2 y4 + a 1 (c 2 + c 2 (l + a 2 )) 



•22, 2\2 4/ 1 

c 4 a +c 3 ) -c 4 (-l 

,2^2 td2 



9 2 Ap 2 

2r 4 2 4 



2c 2 (c 2 + 2c 2 a 2 )(6 - a) 2 + + c*(l - a 2 )(3a 2 + 1) + Abac\{a 2 - 1) ) + 

c 3 c 4 c 5 



Co /in 



+ 2 



r 4 2 9r 4 r 4 
C 3 C 4 ZC 3 C 4 

^(c 2 + c 2 (a 2 + l)). 
c 3 c 4 



The Einstein equations are 
= 
+ 



CiX 



Cl 



| n 44 C 5 




C 2 


8cf4g s \ 



8449s 



2 c 2 5 's4 



An 2 



c\ + c 2 (a 2 - 1) ) ( 2c 2 a/4 + h[(4 + 4(a 2 + 1)) 

ci{h' 2 f 



c\a 2 + c 2 ) 2 + 4(1 - 2a 2 ) 



4c 2 C | 



4(a 2 + l) 2 + c 2 (c 2 + 2c 2 a 2 
C 2 + c 2 (a 2 + l)^) - 
+ 4 + 4(1 - a 2 ) (3a 2 + 1) + 46ac^(a 2 - 1) 
- 3 



4 + 2c 4 a 2 



9s4 c i p2 

$444 



4c^g s c^ 
2c 2 ! (c 2 + 2c 2 a 2 )(6-a) 2 

4 C \^2 4°iP 2 (hi + bh 2 ) 



2a 2 



^4449 



444 



(2.10) 



(2.11) 
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= 

+ 
+ 
+ 



4+ 



(4) 2 



c 3 



In 



4 2 "| ' 



+ 



A2 



X 
4:4ds4 

8cjg s 4 
h[h' 2 a 

l49s4 



c 2 

„2„2 , „2 



8c 4 # s c§ 



3^(1 -a 2 ) 2 + ^(2^-^) 



/i / 1 (c^(-2caa 2 + c 2 ) - 3c 4 (a 4 - 1)) - 2c 2 a/i 2 (3c 2 (a 2 - 1) + eg) 



^(a 2 + l) 2 + C 2(2c 2 a : 



? ^) ) + + 6c 2 a 2 ) 



c 2 + 3c 2 (l + a 2 ) + 



^P 2 (6') 2 , (a') 2 c 2 ^ s c 2 P 2 



4c|c 3 



+ 



2c 3 



8clclc| 



+ 



2c 2 4 (cl + Qc 2 4 a 2 )(b - a) 2 - 126ac 4 (a 2 - 1) + 3c 4 (a 2 - l)(3a 2 + 1) + c 4 



r 2 h 2 

C 2 U 2 



4:clc 3 cjg, 
4(a 2 + l) 



P\l{h 1 + bh 2 f 



„4„ 3 „2 

c 4 c 3 c 5 



„2„2 

^2 I „2( „2 -i \2 
2c|Cg 



c 2 (a 2 - l) 2 + a 2 c 2 + 



2c 3 c 2 



(2.12) 



c 3 



y ^2 



c 4 



+ c 4 



„4^2 



In 



C 1 C 3 C 5 



- #^(c 2 (2c 2 a 2 + 3 C 2 )-c 4 (a 2 - I ) ; 



c 2 J 8c^ s c| 

, , . h! x (c\(2c\a 2 + 3c 2 ) + 4(1 - a 4 )) + 2c 2 /i' 2 a(c 2 + c 2 (l - a 2 )) 



Ac\g s c\ 
(K) 2 



Sc\g s c% 



, t c 4 (a 2 + l) 2 - c 2 (2c 2 a 2 + 3c 2 ; 



4c 4 4g s 



0„2 2 

2c 4 a 



+ 



2c 4 c 4 5r s 



c 2 -c 2 (l + a 2 ) + 



,/\2 



h 'i h 2 a ( 2 2/, , 2^ , P 9s(b') 2 cl(a') ys ^ 2 



4c 4 4 



2c| 



+ 



c 2 P 2 



Q r 4 3 2 

oc 3 c 4 c 5 



2c|(-2 C4 V + cg)(fe - a) 2 - 46ac 4 (a 2 - 1) + c 4 (a 2 - l)(3a 2 + 1) + 3c 4 



+ 



r 2 h 2 



4c 4 c^c^, 



p 2 c 2 (/ tl + bh 2 y 

„4„ 3 „2 

c 3 c 4 c 5 



r 2 2 

2c|c 4 



c 2 a 2 + c 3 | - 

c 4 



2c|c 2 



(2.13) 
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= 4 + d 
+ 



•5 "T- < 



-£^f c ^ a2 - 1)2+c ' (c ' +2c ' a2) ) 

j i/s ( -4 ( -'3 V / 

g ( c 3 + ^(a 2 - 1)) (^a/if, + h'^ci + c\{a 2 + 1)) 



c 5 (h[) 2 
lg s cj4 

C 4^(cl + 2cW)- C5am (^ ■ ~ 2 



c^a 2 + l) 2 + c 2 (c 2 + 2c 2 a 2 



2c 4 (7 s Cj 



c\ + c 2 (l + a 2 ) 



-4(a 2 -l)(3a 2 + l) + c^ + 



3c 2 , h 2 



P 2 c 2 (h 1 + bh 2 f 



+ 



^2 ^4 ^ 
C 2 C 5 



r 2 3 

2c 4 c 3 



^(a 2 -l) 2 + C 2 (c 2 + 2c 2 a 2 )), 



(2.14) 



= a" + a' 


4 4" 

c 1 c 4 c 5 


' a(x') 2 






9s C 3 C 4 


+ 2h[a(cla 2 


+ cD) - 


a{K) 2 ( 
n rV I 




i/s<-3<-4 \ 



c 2 + c 2 (a 2 - 1) + 



h' 2 (c 2 4 (3a 2 - 1) + 4) 



h[h' 2 



nr 2 r ±\4 + ci(3a 2 + l))- 
c 3 c 4 



( c 2 + c 2 (l + a 2 )) -2 
P 2 c| 5s (a-6) 



/ \2 



a(h' 2 ) 
g s c\c\ 



C 3 C 4 C 5 



c 4 (a 2 -26o+ 1) + c\ 



r 2 2 

c 4 c 5 



(2.15) 
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= Aclg^c 5 clyc 5 clcl(c' 3 ) 2 + c 5 44(4) 2 + Ac^cz4 c ^4^^ + Sc 5 4 c i^i c i c ^ + ^c^cxc^d^ 
+ 6c 5 clcl(c[) 2 + A44 c i c i4 + 2C4C3C1C5C3 + 24444 c ^j - clc 2 5 g s (c A A (a 2 - l) 2 
+ 4(4 + 2c 2 a 2 )) (x'Y + Hchs (4 - 4(1 - a 2 )^j (^4ah' 2 + h[(4 + c\(a 2 + 1))^ X ' 

- 449s (c 4 (a 2 + l) 2 + 4(c 2 3 + 2c 2 a 2 )^) (h\f - 2c\c\4 ! g s (c 2 + 2c 2 a 2 ^) (h' 2 ) 2 

- A444KKg s aU + 4(i + a 2 )) - 4444(g' s ) 2 - 2 9 3 s 4P 2 444(b') 2 

- 2g 2 4444(a') 2 - Ag 2 4444 (c 2 + 4(1 + a 2 )) c 2 + g 2 s c\4 f 4(a 2 - l) 2 
+ 4(4 + 24a 2 ) ] 4 + 2g s 4444 (h 2 2 + g s 4a 2 ) + AP 2 44(h x + bh 2 ) 2 g 2 



+ P 2 g 3 s 44[ 2 4(4 + 2c 2 a 2 )0 - a) 2 + 46ac 4 (a 2 - 1) - c 4 (a 2 - l)(3a 2 + 1) + 4 

- 2Ag 2 4444n 2 . 



(2.16) 



It is straightforward to verify that the constraint ()2.16|) is consistent with ()2.5|) - (j2.8|) . 
(EH), flUEID , dmUJ-dHHD- Notice that the Hubble scale H enters only in fl2T[D and 
in the constraint equation (|2.16j) . 

As a consistency check, we verified that the supersymmetric baryonic branch de- 
formation of the warped deformed conifold of [10] is indeed a solution of derived su- 
pergravity equations of motion with Ji — 0. Comparison with computation of [11] is 
achieved by parameterizing 

= e -m H -V* c 2 = c 5 = e^/%- 1 ^ 2 , 

(2.17) 

c 3 ="^ 4 ^ 2 e x l 2 , c 4 =-* /4 e-^V/ 2 . 

where {</>, H, v, g, x} are functions of a radial variable, see Eq. (12.2) of [11]. We further 
reproduced (again setting H = 0) the warped deformed conifold solution of Klebanov 
and Strassler (KS) [9]. We verified the map between KS background parametrization 
and the parametrization of the Z2-symmetric solution of [10], presented in [11]. 
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3 Asymptotic solution 

In this section we discuss asymptotic infrared (IR) and ultraviolet (UV) solution to 
the de-Sitter deformed resolved warped deformed conifold supergravity equations of 
motion derived in section 2. We find that the IR (the bottom of the warped deformed 
throat) asymptotic is a smooth deformation 3 of the IR solution of [11] by turning on a 
nonzero Hubble scale 7i. Thus while in [11] the IR geometry is that of R 3 ' 1 x R 3 x S 3 , 
in our case it is dS^ x R 3 x S 3 . The UV asymptotic describes a highly warped region 
of the geometry where following the proposal of [11] we study D3-brane inflation. 



3.1 IR solution 

We assume the same IR boundary conditions as for the warped deformed conifold [9], 
i.e., we assume that the S 2 of the conifold shrinks to zero size in a smooth way, while 
all the other warp factors (including the S 3 radius of the conifold) remain finite. It 
is easy to verify that such boundary conditions guarantee singularity-free geodesically 
complete space-time. Moreover, as in [9] , the curvature invariants of the background 
can then be made small in string units by choosing fluxes in the IR to be large. So, 
we search for a small-r solution to (Q-flZEl), (J23J), (j2mj)-(J2IG3) subject to the 

following r — > boundary condition on the geometry 

e^^^+e^^ (3.1) 

where the one-forms {g 3 , g 4 , g 5 } 

e 2 + e 2 ei + ei 

95 = e 3 , g 3 = -j= , 9a = -j= , (3.2) 

are defined so as to agree with [9]. The radius-squared of S" 3 is R 2 = 2H^ 2 Uq, while 
the S* 2 parameterized by e\ smoothly shrinks to zero size. Notice that choosing the IR 
asymptotic of C2 to satisfy 1)3.1(1 we fixed the rescaling symmetry of the radial coordinate 
r. Introducing 

c x = H- 1 ^ , c 2 = H 1 ' 4 , c 3 = H 1/4 w 3 , c 4 = H^w 4 , c 5 = H^w, , 

(3.3) 



3 In other words, there is no obstruction in the IR for the introduction of the Hubble parameter. 
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and setting 4 g s (r = 0) = 1, we find that solution to (|E5 |) -(|23 ty . (Q, (I^TU|) . ff2~TTjl- 
()2.15|) subject to ()3.1|) takes the form 

OO y OO x OO 

H = + H 2i r 2 \ W3 = r(l + J2 w 3,2i r 2i J , u> 4 = u; + ^ ^4,2; r 2i , 

i=l ^ i=l ' i=l 

00 00 00 

w 5 = uj + ^2 w 5,2i r 2t , a = -1 + a 2i r 2 \ g s = 1 + ^ # S)2 , r 2j , 

i=l i=l i=l 

00 00 00 

& = $>2*r 2 \ ft 1 = Pr $>i, 2 *r 2 \ fc 2 = P r ^ ^ r 21 , 

i=0 i=0 i=0 

(3.4) 

with x' determined algebraically from (|2.9|) . The most general solution is characterized 
by seven parameters 5 : {H , u , /ii j0 , ^1,2, ^2,2, ^2, b 2 }. We present some of the terms in 
the perturbative solution f)3.4|) 

t>o = —I , h 2u — ^1,0 j 



P 2 P 2 h 2 P 2 fei 



y ^0 ^0 

?2l2 



__P*_ P 2 h{ fi P%1 P 2 

*- a " m^g " Ip^ 4 + 1W " 3 #o (/l1 ' 2 ~ M ' 



p2 P 2 h 2 I P 2 I 

= + X Ar -^UP 2 bl + #„) - 3— (h x 2 - h 2 2 ) 2 - -a 2 w 2 

24fT wg 24H u* 24P ^o 2 0J 2P V 1,2 2 ' 2; 2 20 



P 2 7P 2 h 2 l 

W4 . 2 = -^7T^ + o,n ff 1|0 3 - T^TTTFT (^i,o(14P 2 ^ + 5P ) + 24P 2 6 2 (/i li2 

48P ^o 240P <^o 120H h lfi u 

~ M) + on ^°, (27P 2 h lfi (h h2 - /i 2i2 ) 2 + H (Sa 2 h 1>0 + 10h 2i2 + 13H h h0 H 2 )) 

3 2 5 

+ ^^(02/11,0 + 12/i 1)2 - 12/i 2 , 2 ) - 6^(/i li2 - /i 2 , 2 ) , 



) + — (Ho(—5h 2 2 - 4a 2 /ii, + H^H 2 ) + 9P 2 h 1 , (h 1 , 2 - /i 2 , 2 ) 2 ) 
5H h lfi 

+ 4^° (-3^ + 3/i 2 , 2 + a 2 /ii j0 ) + 12^(^1,2 - M • 

0/11,0 Ofti.o 

(3-5) 

4 We can not simultaneously set the string coupling to one both in the UV and in the IR. However, 

doing so separately in the IR and the UV is possible. Extension to g s (r = 0) 7^ 1 is trivial. 

5 For Ti = one can remove Ho by rescaling the four-dimensional space-time coordinates [10]. With 

Tt ^ 0, such a rescaling is no longer possible. 
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As in [10], we expect that decoupling of the asymptotic Minkowski region as r — > oo 
would constrain some of these IR parameters. Specifically, in supersymmetric case the 
presence of the AdS-like boundary determines the size of S" 3 (corresponding to our uq) 
in terms of the baryonic branch parameter (corresponding to our o^). In our case, 
the presence of the boundary (more detailed analysis are presented below) as r — ► 00 
require 

H -> , H 1/4 Wi -> C(ln 1/4 r) , a -» . (3.6) 

Thus we expect at least 6 two independent IR parameters. From the perspective of 
the dual gauge theory we have also at least two independent physical parameters: the 
ratio of the gauge theory strong coupling scale and the Hubble scale, and the baryonic 
branch deformation parameter. 

3.2 UV solution 

As in [9] and [10] we choose the radial gauge c 2 = C5. Asymptotically as r — > 00 we 
expect to recover KS solution [9]. We find it convenient to introduce a new radial 
coordinate 

x = e~ r/3 , (3.7) 
which maps the latter boundary to x — > 0. Introduce 7 

c 1 = H- 1 /\ c 3 = J H rl/4 ^ 3 , c 4 = # 1/ V, c 2 = c 5 = H l ^w b , 

4F 2 - [2 
H = —— x 4 h , w 3 = X x^ 1 0)3 , = X x~ l 0)4 , w 5 = \ -X x~ l lj 5 , 

A V 3 



hi = Phi , h 2 = Px 3 h 2 , b = x 3 b , a = x 3 a 



(3. 



where 



A = 2" 4 / 3 e 2 / 3 , (3.9) 



6 Some of constraints Ij3.6|l might be redundant. In particular, de-Sitter deformation of the KS 
cascading gauge theory baryonic branch discussed here might "turn on" extra relevant operators. It 
would be very interesting to analyze gauge/string theory correspondence in this setup along the lines 
of [20]. 

7 Again, %' is determined algebraically from Ij2.9|l . 
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is related to the conifold deformation parameter e [9]. To have leading KS asymptotics 
as x — > we require [11] 

3 

h^> — (-121nar-l) , a> 3 -> 1 , o> 4 =-»• 1 , w 5 -> 1 , 

foi — > — 1 — 3 In a: , h 2 — > — 2 — 6 In a; , fr^61nx, a — ► — 2 , g s — > 1 . 

(3.10) 

Notice that we set the asymptotic string coupling to one. We find the solution to 
(HU), (HUB, flZHD - flZISD subject to (pHTIjl to take a form of a double 
series expansion 

00 2i 

h = x 2% In 7 x , 

00 2i 

uJi = Y x 2t ^2 ^4,(i,i) ln J x , 

8=0 j=0 
00 2i 

fei = / "I x 21 2j ln J x , 

i=0 j=0 

00 2i 

h = j2 x2l Y hj) w x 

i=0 j=0 
00 2i 

g s = ^2 x2% Y j) lnJ x • 

i=0 j=0 

In order to match (in the Ti = limit) the probe brane potential computed in [11] we 
need to find perturbative solution at least up to order i — 4. To this order we find 
the solution to be characterized by seven parameters. Upon appropriately adjusting 
these parameters, we verified that in the Ti = supersymmetric limit our expansion 
agrees precisely with the asymptotic expansion presented in [10]. As the coefficients 
of ()3.11|) - (j3.14j) are rather involved, we present here only the first nontrivial correction 



00 2i 

uj 3 = J2 x2i Y ^.(m) lni x > ( 3 - n ) 

i=0 j=0 
00 2i 

^5 = Y x2i Y ^ 5 .(^') lni x > ( 3 - 12 ) 

8=0 j=0 

00 2i 

h = Y x2i Y lni x > ( 3 - 13 ) 

8=0 j=0 



00 2% 

a = x 21 'Y, m3 ^ 5 

8=0 J=0 



(3.14) 
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beyond the KS asymptotic (|3.10p . We find 



t 3 9, 27P 2 H 2 

h — mx H — 

32 8 128A 2 



x 



d> 3 = 1 + x I 0)3,(2,1) In X + 



96 In x + 144 In 2 x + 71) + (x 4 In 3 x) 
117 P 2 H 2 1 . 



<2>4 = 1 + x 2 ^ln x 

9P 2 7t: 2 



27P 2 n 2 

2A 2 



16A 2 



^3,(2,1) 



4 a (2,o) 



+ (x 4 In 2 x) 
207P 2 ?i 2 



16A 2 



+ \a m j +C(x 4 ln 2 x) 



uj 5 = 1 + 



X 



16A 2 

hi = — 1 — 3 lnx — 
/i 2 = — 2 — 6 lnx + 



27P 2 H 2 2 
8A 2 X 
27P 2 H 2 o 



27P 2 H 2 
32A 2 



6 = 6 In x 



a = —2 + x 2 ^lnx 
TJP 2 H 2 



121nx + l^ +C(x 4 ln 2 x) , 

^121nx-17j +0 (x 4 ln 3 x) , 
^144 In 2 x - 72 In x + 245^ + O (x 4 In 4 x) , 
144 In 2 x - 264 In x + 157^ + O (x 4 In 4 x) , 
+ 0(2,o) J +C(x 4 ln 3 x) , 



(3.15) 



i7P l n 



9s = 1 



A 2 



x 



+ C (x 4 ln 3 x) . 



Notice that to order z = 1 above only two UV parameters appear. The supersymmetric 
limit of [10] (to this order) is reproduced setting H = and 

3. 



^3,(2,1) 



4 



0(2,0) 



(3.16) 



4 D3-brane inflation on resolved warped deformed conifold 

Effective action of a D3 probe brane on the background (J2.1|) moving along the radial 
direction takes form [15,21] 

Se ff = T 3 J ^v^(^c 2 (|) 2 + C7 4 -c 4 ), (4.1) 
where T 3 is the 3-brane tension, is the metric of a four-dimensional de-Sitter space 



lilv d^dC = -dt 2 + e 2Ht {dx) 2 
and the four-form potential C4 satisfies 

dC A 



dr 



K 



4 

C 3 C 4 C 5 



(4.2) 



(4.3) 
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From (|4.1|) the inflaton potential is 

V = T 3 U - C^j , (4.4) 

and the canonically normalized inflaton field $ is given by 

d$ = y% Cl c 2 dr . (4.5) 

Using UV solution of the de-Sitter deformed resolved warped deformed conifold of 
section 3.2 we find for a; C 1 

<ev =2H2 _ 27W x2 ^ 3 lnx + i y xt (]I^fl ( 120 + 285 ln x _ 31 j 

^ — ( 40w 3i ( 2 ,i) In 2 x + 10(2a} 3j ( 2 ,i) - a (2 ,o)) In x - 163a (2 , ) - 202a) 3i(2il) j 



+ H I 16a> 3j(21) In i+ 8(4£ 3i(2i1) - 0)3,(2,1)^(2,0)) Inz =-^i,(4,o) + 7^3,(2,1) 



#5,(4,0) ^-0(2,0)^3,(2,1) - y fl (2,0) J J + ° \ X ln 



5 



(4.6) 



Notice that to order (9(x 4 ln 2 x) two more UV parameters appear: g s ,(A,o) and ^1,(4,0)- 
Also, vanishes to this order whenever TC — 0. If fact, we find that for the super- 
symmetric background of [10] 



d 2 V 



d$ 2 



2^4 



x 2 d 



(2.°) JB 



S « SJ/ 128F2 



x b 8 + 15 lnx )+0(x*\nx), (4.7) 



in agreement with the computation of [11]. 

From ()4.6j) we conclude that inflation deep inside the warped throat of the resolved 
deformed conifold is fast-roll. The corresponding cosmological parameter r\ is 

r] = - + O ($- 2 ln$) . (4.8) 
3 

Result (J4.8j) is expected from the general arguments presented in [21]. 



5 Conclusion 

In this paper we analyzed background curvature corrections in DKS inflationary model 
[11]. We found that due to the conformal coupling to the background, the inflaton 
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in this model receives Hubble scale mass correction which renders slow-roll inflation 
impossible. The correct slow-roll parameter rj in DKS model is given by (|4.8jl . While 
DKS inflationary scenario in strongly warped region of the geometry does not allow 
for tuning of rj, the other slow-roll parameter 8 e, 

1 / 1 dV\ 2 2 $ 2 / H 4 2 \ 

-9K +0 [MW lai )- (51) 

can be made small. Indeed, one can always choose a baryonic branch deformation 
parameter U of [10] such that 

|£/|<iWj, (5.2) 

which would allow inflaton to be simultaneously in the highly warped region of the 
geometry $ 2 ^> \U\ while having small second slow-roll parameter (J5.ll) . 

The fact that conformal coupling of the inflationary 3-brane to the background leads 
to unacceptably large ^-parameter in generic supergravity backgrounds was emphasized 
in [21]. The obvious solution to this large-?] problem proposed in [15] was to turn on 
appropriate 3-form fluxes to compensate for the 3-brane conformal coupling. Explicit 
realization of the latter proposal was discussed in [22] , where the authors study inflation 
in de-Sitter deformed M = 2* warped throat. 
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